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SUMMARY

The immune response of PBMC to gliadin was investigated in patients with coeliac disease (CoD) by
examining proliferation, MHC restriction and cytokine production. Gliadin induced low levels of
proliferation in 63% of eight untreated patients, 32% of 28 treated patients and 35% of 31 healthy
control subjects. In MHC restriction studies, the proliferative response to gliadin was inhibited (range
47–98% inhibition) in the presence of a MoAb to HLA-DR in each of three coeliac and three control
donors studied. Using flow cytometry, increased expression of activation markers (HLA-DR and IL-2R)
was demonstrated on gliadin-stimulated T cells from four of nine coeliac patients and three of seven
healthy control donors. Cytokines were studied in culture supernatants using ELISA. Gliadin was a
potent inducer of IL-6 and IL-10 in 100% of coeliac patients and controls, whereas IL-4 was not
produced in either subject group. Gliadin induced IL-2 production in 40% of untreated patients, 42% of
treated patients and 35% of healthy control donors. Interferon-gamma (IFN-g) in gliadin-stimulated
cultures was found only in coeliac patients, observed in 33% of untreated patients and 25% of treated
patients. Spontaneous secretion of both IL-2 and IFN-g was found more frequently in patients with
untreated disease (87% of casesversus21% of controls for IFN-g and 40%versus0% for IL-2). These
results suggest, as manifest by IFN-g production, that gliadin stimulates a Th1/Th0-like response in
coeliac patients and a Th0-like response in healthy controls.
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INTRODUCTION

Coeliac disease (CoD) is an inflammatory disorder of the small
intestinal mucosa which is characterized by varying degrees of
villous atrophy and crypt cell hyperplasia. The disease is precipi-
tated in susceptible individuals by ingestion of cereal proteins, in
particular the gliadins of wheat gluten and similar prolamins in rye
and barley [1,2]. There is increasing evidence to support the view
that this disorder is caused by a T cell-mediated hypersensitivity to
gliadin, and the characteristic lesion is partly caused by the
subsequent release of cytokines [3,4].

Previous investigators have reported varying results for peri-
pheral blood lymphocyte responses to gliadin. In some reports,
blood mononuclear cells from coeliac patients but not healthy
control donors proliferatedin vitro to an enzymic digest of gliadin
[5,6]. Recently, proliferative responses to a similar gliadin digest
were reported in both coeliac patients and healthy control donors
[7]. It is known, however, that while cells fail to proliferate in

response to stimulation with specific antigen, they may nonetheless
secrete cytokines. Moreover, T cells have been divided into at least
two subsets (Th1 and Th2) based on cytokine profiles that they
secrete upon antigen stimulation. Th1 cells characteristically
secrete IL-2, interferon-gamma (IFN-g) and tumour necrosis
factor-alpha (TNF-a) and are involved in cell-mediated immune
responses characterized by macrophage activation and DTH reac-
tions, while Th2 cells, secreting IL-4, IL-5, IL-6 and IL-10, are
involved in humoral immunity [8,9]. Although Th1- and Th2-type
cytokine profiles were originally identified through analysis of
murine T cell clones [10], there is evidence that chronically
stimulated human T cells are polarized into Th1 or Th2 patterns
of cytokine synthesis [11].

Gliadin-specific T cells were recently cloned from the peri-
pheral blood [7] and small intestinal mucosa of coeliac patients
[12] and the cytokine profiles have been reported [13,14]. The
cytokines secreted by these clones were variable, with cytokines
typical of both Th1 and Th2 cells being produced. The possibility
exists, however, that the technique involved in preparation of T cell
clones may bias the cytokine profile and may not accurately reflect
the in vivo situation [15,16].
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The aims of the present study were: (i) to examine the
proliferative responses of PBMC to gliadin in patients with
active (untreated) or inactive (treated with a gluten-free
diet) CoD and healthy control donors; (ii) to investigate whether
the response is restricted by HLA-DR molecules; (iii) to
investigate activation of gliadin-specific T cells by studying
activation marker expression afterin vitro stimulation; (iv) to
analyse a range of cytokines secreted spontaneously by freshly
isolated and gliadin-stimulated PBMC in coeliac patients and
control donors.

PATIENTS AND METHODS

Subject populations
Thirty-six patients with CoD were studied. Eight patients were
untreated (seven women, one man; age 356 3·2 years (mean
6 s.e.m.); range 17–59 years) and were on normal diets at the
time of study. The mucosa of these patients showed subtotal villous
atrophy on histological examination. Twenty-eight treated coeliac
patients (25 women, three men; age 396 4·4 years; range 25–
58 years) were studied. All were on gluten-free diets for a mini-
mum of 2 months, showing histological improvement following
gluten exclusion. Biopsies from 21 of the treated patients were
histologically normal while the remaining seven individuals
showed partial villous atrophy. The control group consisted of 31
healthy laboratory staff (22 women, nine men; age 316 4·2 years;
range 24–50 years). These individuals had no clinical signs of CoD
and were negative for antibodies against gliadin.

Antigen preparation
Gliadin (Sigma, St Louis, MO) was dissolved in 0·1M acetic acid,
prepared as a stock solution of 10 mg/ml and stored at¹208C. The
stock preparation was filtered using a sterile 0·22-mm membrane
filter and working dilutions were prepared in RPMI (GIBCO BRL,
Eggenstein, Germany) based on dilutions of the stock solution. The
optimum concentration of gliadin for use in lymphocyte prolifera-
tion and cytokine studies was determined in preliminary experi-
ments. Purified protein derivative (PPD) ofMycobacterium
tuberculosis(Evans Medical Ltd, Horsham, UK) was used as a
positive control at a final concentration of 2500 U/ml in culture.

Separation of PBMC
PBMC were isolated from heparinized blood by density gradient
centrifugation using Lymphoprep (Nycomed, Oslo, Norway),
washed twice in Hanks’ balanced salt solution (HBSS; GIBCO)
and resuspended in RPMI with 10% heat-inactivated autologous
serum, 100 U/ml penicillin/streptomycin (GIBCO) and 2 mM L-
glutamine (GIBCO). Cell number and viability were determined
using ethidium bromide/acridine orange staining.

Cell culture and proliferation studies
PBMC, resuspended at a final concentration of 1×106 cells/ml
(200ml volume) were incubated in three replicate cultures with
varying amounts of gliadin, PPD or medium alone. Cellular
proliferation was measured on day 7 by adding 0·5mCi of tritiated
thymidine for the last 18 h of culture. All samples were measured
in triplicate. The cultured cells were harvested on Whatman paper
using a cell harvester (Inotech, Dottikon, Switzerland). Radio-
activity incorporated into cells was determined using a liquid
scintillation beta counter (Packard 1500; Tri Carb, UK). The
results are reported as stimulation indices (SI), where SI¼ (ct/

min test/ct/min spontaneous cultures). A significant proliferative
response was defined as SI$ 3, and by an increment of$ 200 ct/
min.

To investigate whether the proliferative response to gliadin was
inhibited in the presence of anti-HLA-DR, PBMC were cultured
with gliadin in the presence and absence of (i) an antibody directed
against a monomorphic HLA-DR epitope, RFDR1 (a gift from Dr
L. Poulter, Royal Free Hospital, London, UK), or (ii) a non-specific
isotype-matched control antibody (Dako Ltd, Cambridge, UK).
Each antibody was dialysed to remove preservatives and was used
at an optimized final concentration of 10mg/ml. Proliferation was
measured after 7 days in culture by thymidine incorporation as
described above. The proliferative response in the presence of
antigen alone was taken as 100% and the percentage inhibition
calculated based on the response in the presence of the antibody.

Cell activation
PBMC were cultured with gliadin or PPD and the expression of
activation markers (HLA-DR and IL-2R) assessed by two-colour
flow cytometry using a FACSort flow cytometer and CellQuest
lysis software (Becton Dickinson, Oxford, UK). In preliminary
studies, kinetics experiments were performed. In these studies,
antigenic stimulation was found to induce HLA-DR and IL-2R to
maximum levels after 7 days in culture (data not shown). At this
time point, cells were harvested and washed twice in PBS contain-
ing 0·1% bovine serum albumin and 0·1% NaN3 (PBS–BSA).
Cells (1×105) were incubated with FITC-conjugated anti-HLA-
DR or FITC-conjugated anti-CD25 (Becton Dickinson) for 30 min
at 48C. After incubation, cells were washed using PBS–BSA and
incubated for 10 min with PE-conjugated anti-CD3. Five thousand
cells were acquired initially and cells visualized on the basis of size
(FSC) and granularity (SSC). During analysis, a gate was drawn
around the lymphocyte population excluding monocytes and
debris. Quadrants were set using control FITC/PE-conjugated
antibodies (Simultest Controlg1g2a; Becton Dickinson). Results
are expressed as the percentage of positive cells expressing
activation markers and differences of# 2% compared with the
control antibody were considered not significant. All results were
compared with activation marker expression in unstimulated cells.

Cytokine assays
For cytokine measurement, supernatants were harvested from cell
cultures and stored at –208C pending analysis. Kinetic experiments
were performed initially to determine the optimum time point for
induction of cytokines in short-term cultures of fresh PBMC.
Cytokine concentrations were measured by means of specific
sandwich ELISA. Peak IL-2 production was typically seen after
24 h and after 72 h for IL-4, IL-6, IL-10 and IFN-g (data not
shown). IL-2 and IL-6 levels were determined using commercial
kits from Genzyme (Cambridge, UK), IL-4 and IL-10 using paired
antibodies from Cambridge Biosciences and IFN-g levels using a
kit from Mabtech (Nacka, Sweden). IL-6 concentrations were
assayed using paired antibodies provided by Dr K. Mills (St
Patrick’s College, Maynooth, Ireland). For each cytokine, the
antibody concentrations (capture and biotinylated secondary)
were optimized and standard curves were established to quantify
reproducibly the levels of cytokine in the culture supernatants. The
assay sensitivities for each cytokine ELISA were as follows: IL-2
(31 pg/ml), IL-4 (31 pg/ml), IFN-g (0·3 ng/ml), IL-6 (31 U/ml) and
IL-10 (78 pg/ml). Specific cytokine production in response to
antigen was calculated by subtracting concentrations measured in
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unstimulated cultures (i.e. background) from those measured in
gliadin- or PPD-stimulated cultures. Results are expressed as mean
and ranges.

Statistical analysis
Analysis of results between patient groups was compared using
Mann–WhitneyU-test for non-parametric data. All statistics were
performed using Instat software.

RESULTS

Proliferative responses of PBMC to gliadin
PBMC from 31 healthy controls, 28 treated coeliac patients and
eight untreated coeliac patients were stimulatedin vitro with gliadin
(100mg/ml), a concentration found to give maximal proliferation in
preliminary experiments. Proliferative responses to gliadin were
detected in nine (32%) of the treated patients, in five (63%) untreated
patients and in eleven (35%) healthy controls (Fig. 1). The SI values
did not differ in coeliac patients compared with controls. Mean
values were 5·5 (range 3–13·5) in treated coeliac patients, 8·2 (range
3–19) in untreated coeliac patients and 7·9 (range 3–17) in healthy
controls. A strong proliferative response to the control antigen, PPD,
was found in over 90% of subjects studied. The SI values ranged
from 6 to 73 (mean 40) for coeliac patients and from 7 to 69 (mean
32) for healthy controls (data not shown).

In inhibition studies, the proliferative response to gliadin was
inhibited by an IgM antibody to a specific HLA-DR monomorphic
determinant (RFDR1), but not by a control IgM antibody (Fig. 2).
The percentage inhibition ranged from 47% to 98% in the coeliac
patients and from 63% to 97% in controls. With the control
antibody, inhibition of proliferation was< 25% in five of the six
individuals studied.

Expression of activation markers on gliadin-specific T cells
The expression of activation markers, HLA-DR and IL-2R
(CD25), on T cells (CD3þ) was examined after 7 days in culture
with gliadin or PPD. A flow cytometric dot plot from one
individual (a healthy control donor) is shown in Fig. 3 and the

results for all subjects studied are summarized in Table 1. It can be
seen from the dot plot that stimulation with gliadin up-regulated
expression of both activation antigens on a small percentage of
peripheral blood T cells. Individuals in both the coeliac and control
subject groups showed increased activation marker expression in
response to gliadin stimulation with no difference in the percentage
of activated T cells in coeliac patients compared with control
donors (Table 1). PPD stimulated a more pronounced increase in
HLA-DR and IL-2R expression on peripheral blood T cells in all
individuals studied (Table 1).

Cytokine production by gliadin-stimulated PBMC
IL-2. Gliadin stimulated IL-2 production by PBMC ($ 31·2 pg/

ml) from six of 14 (42%) treated coeliac patients, from two of five
(40%) untreated patients and from six of 17 (35%) healthy control
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Fig. 1. Proliferative responses of PBMC to gliadin in patients with treated
and untreated coeliac disease (CoD) and healthy control donors. Values are
shown as stimulation indices (SI) and the horizontal bar indicates the
positive cut off value.
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Fig. 2. Inhibition of gliadin-induced proliferation by anti-HLA-DR and
control antibodies. Horizontal bars indicate the mean percentage inhibition.
B, Coeliac;A, healthy control.

Table 1. Increases in HLA-DR and IL-2R expression on CD3þ peripheral
blood T cells after stimulation with gliadin or purified protein derivative
(PPD)

Gliadin PPD

Percent Percent
increase increase

mean (range) n mean (range) n

Coeliacs
HLA-DRþCD3þ 7·0 (2–10) 3/9 25 (3–42) 8/9
IL-2RþCD3þ 4·5 (2–7) 4/9 31 (4–53) 7/9
Controls
HLA-DRþCD3þ 3·6 (2–5) 2/7 28 (5–39) 6/7
IL-2RþCD3þ 3·5 (2–5) 3/7 35 (6–51) 7/7

Data represent the increases in the percentage of CD3þ T cell (mean
(range)) expressing HLA-DR or IL-2R in the presence of antigen compared
with antigen alone after 168 h in culture.n equals number of subjects with a
positive response over the total number studied.



donors (Fig. 4). The levels of IL-2 in gliadin-stimulated cultures
did not differ significantly between the subject groups, ranging
from 0 to 293 pg/ml (mean 59 pg/ml) in treated coeliac patients,
from 0 to 58 pg/ml (mean 35 pg/ml) in untreated patients and from
0 to 150 pg/ml (mean 40 pg/ml) in healthy control donors. Low
levels of spontaneous IL-2 production (medium alone cultures)
were found in two (40%) patients with untreated CoD, in one (7%)
of the treated patients but not in any (0%) of the control donors
studied. PPD stimulated high levels of IL-2 production in>70% of
individuals. There was no statistical difference in the levels
produced in the different subject groups (range 0–627 pg/ml
(mean 203 pg/ml) in treated coeliac patients, 0–434 pg/ml (mean
187 pg/ml) in untreated patients and 0–843 pg/ml (mean 254 pg/
ml) in control donors (data not shown).

IFN-g. Gliadin stimulated production of IFN-g by PBMC
($ 0·3 ng/ml) from two of six (33%) untreated coeliac patients,
from five of 20 (25%) treated coeliac patients but not from any of
19 (0%) control donors studied (Fig. 5b). The mean levels of IFN-g

in gliadin-stimulated culture supernatants were somewhat higher in
patients with active disease (mean 4·4 ng/ml; range 0–9·7 ng/ml)
compared with treated patients (1·4 ng/ml; range 0–4·6 ng/ml),
although this did not reach statistical significance (P¼ 0·07).
Spontaneous IFN-g secretion was found more frequently in
cultures from patients with active disease (87%) compared with
treated patients (20%) or control donors (21%) (Fig. 5a). PPD
was a potent inducer of IFN-g in >70% of coeliac patients
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Fig. 3. Two-colour flow cytometric profiles of HLA-DR and IL-2R expression on peripheral blood T cells after stimulation for 168 h with
medium alone (a), gliadin (b), or purified protein derivative (PPD) (c). The percentage of CD3þHLA-DRþ T cells and CD3þIL-2Rþ T cells is
shown in the upper right quadrants of dot plots in rows 1 and 2, respectively. The quadrants were set on the basis of control FITC/PE-
conjugated antibodies.
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Fig. 4. IL-2 production by gliadin-stimulated PBMC in patients with treated
and untreated coeliac disease (CoD) and controls. The data represent levels
of IL-2 production following stimulation with gliadin with values corrected
for background. Dashed line represents the detection limit of the assay.



and controls. The mean levels were 4·6 ng/ml (range 0–17 ng/ml)
in treated coeliac patients, 11 ng/ml (range 0·7–20 ng/ml) in
untreated coeliac patients and 4·5 ng/ml (range 0–10 ng/ml)
in control donors.

IL-4. IL-4 was not detected in response to stimulation with
gliadin or PPD in cell cultures from 11 coeliac patients (four
untreated and seven treated) or 10 healthy controls. Nonetheless,
PBMC stimulated with polyclonal activators (phorbol myristate
acetate (PMA)/OKT3) secreted IL-4 into culture supernatants.
There was no difference between the IL-4 levels in PMA/OKT3-
stimulated cultures in coeliac patients compared with healthy
control donors (data not shown).

IL-6. In the case of IL-6 and IL-10, only treated coeliac patients
and control donors were studied. Spontaneous IL-6 production
($ 31 U/ml) was detected in the majority of individuals studied: in
14 of 16 (87%) coeliac patients and in 11 of 11 (100%) healthy
control donors (Fig. 6). The levels of spontaneous IL-6 production
were significantly higher in coeliac patients (mean 375 U/ml; range
57–1205 U/ml) compared with control donors (mean 124 U/ml;
range 26–542 U/ml) (P<0·03). Gliadin was a potent inducer of
IL-6 in both the coeliac patients and control subjects. The levels of
IL-6 in gliadin-stimulated cultures were significantly higher in

coeliac patients (mean 929 U/ml; range 191–3180 U/ml)) com-
pared with controls (mean 350 U/ml; range 110–959 U/ml)
(P¼ 0·005). Stimulation of PBMC with PPD induced a small
increase in IL-6 production in 36% of coeliac patients and 33%
of healthy controls. Overall, the levels of IL-6 did not differ in
PPD-stimulated cultures between coeliac patients and controls.

IL-10. IL-10 was secreted spontaneously by cells ($ 78 pg/ml)
cultured in medium alone in each of nine treated coeliac patients
and eight controls studied (Fig. 7). There was no difference in
levels of IL-10 produced: mean 491 pg/ml (range 200–980 pg/ml) in
the coeliac patientsversusmean 395 pg/ml (range 159–1050 pg/ml)
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Fig. 5. IFN-g production by PBMC in patients with treated and untreated
coeliac disease (CoD) and controls. (a) Levels of IFN-g in unstimulated
culture supernatants. (b) Levels of IFN-g following stimulation with gliadin
are shown with values corrected for background. Dashed line represents the
detection limit of the assay.

4000

3000

2000

1000

0

IL
-6

 (
U

/m
l)

Controls
(n = 11)

Treated
CoD

(n = 16)

*

**

Fig. 6. IL-6 production by PBMC in patients with treated coeliac disease
(CoD) and controls. The data represent levels of IL-6 production by
unstimulated cells or background (BG) and gliadin-stimulated cells in a
72-h culture. Horizontal bar represents the mean values and the dashed line
represents the detection limit of the assay. *P<0·03; **P<0·01, coeliac
patientsversuscontrols.W, BG; B, gliadin.

8000

6000

4000

2000

0

IL
-1

0 
(p

g
/m

l)

Controls
(n = 8)

Treated
CoD

(n = 9)

Fig. 7. IL-10 production by PBMC in patients with treated coeliac disease
(CoD) and controls. The data represent levels of IL-10 production by
unstimulated cells (BG;W) and gliadin-stimulated cells (B) in a 72-h
culture. Horizontal bar represents the mean values and the dashed line
represents the detection limit of the assay.



in control donors. Similar to IL-6, gliadin markedly enhanced
IL-10 production in cultures from 100% of the coeliac patients and
controls studied. There was no difference in the levels of IL-10 in
gliadin-stimulated cultures from coeliac patients (mean 3494 pg/ml;
range 80–7864 pg/ml) or controls (mean 2729 pg/ml; range 1492–
4836 pg/ml). In contrast to gliadin, PPD failed to increase IL-10
levels beyond those secreted by cells cultured in medium alone in
any of the coeliac patients or control donors studied.

DISCUSSION

In this study we have shown that gliadin can activate PBMC, as
demonstrated by proliferation, the expression of activation markers
(HLA-DR and IL-2R) in addition to the secretion of cytokines.
Whereas gliadin-induced proliferation was found in both coeliac
patients and healthy controls, the cytokine profiles secreted in
response to gliadin stimulation differed in the two groups. PBMC
from healthy controls secreted IL-2, IL-6 and IL-10, but not IL-4 or
IFN-g in response to stimulation with gliadin. In contrast, gliadin
induced IFN-g as well as IL-2, IL-6 and IL-10 in patients with
CoD.

PBMC from coeliac patients (treated and untreated) as well as
healthy normal controls proliferated in response to stimulation
with gliadin. These results are consistent with previous reports
describing proliferative responses to various gluten preparations in
coeliac patients [5,6] and healthy controls [7,17]. Although gliadin
induced low levels of proliferation, this did not reflect a reduced
ability of peripheral blood lymphocytes from coeliac patients to
respond to other antigens. PPD induced a pronounced proliferative
response with similar levels of responsiveness in both the coeliac
patients and the normal controls.

Gliadin-induced proliferation was inhibited by an anti-HLA-
DR antibody in each of the coeliac patients and the control donors
studied. These results suggest that the response of freshly isolated
PBMC to gliadin is restricted by HLA-DR, indicating that class II
molecules are involved in presentation of gliadin-derived peptides
to peripheral blood T cells. The possibility also exists that HLA-
DQ and HLA-DP molecules are involved in antigenic presentation
of gliadin, but this was not investigated in this study. In similar
experiments, gluten-reactive T cells which were cloned from the
peripheral blood of coeliac patients [7] and healthy controls [18]
were shown to be restricted by HLA-DR and also by the disease
susceptibility HLA-DQ2 molecule. Interestingly, while healthy
control donors and coeliac patients have HLA-DR- and HLA-
DQ2-restricted gliadin-specific T cells in the peripheral blood, in
the coeliac intestinal mucosa the majority of T cell clones were
found to be HLA-DQ2-restricted [19].

Further evidence of gliadin-induced T cell activation was
demonstrated by the increased expression of the activation markers
HLA-DR and IL-2R using flow cytometry. In this study we
observed that between 5% and 10% of peripheral blood T cells
from coeliac patients and controls showed increased expression of
activation markers in response to stimulation with gliadin. Other
investigators have likewise demonstrated up-regulation of IL-2R
expression on peripheral blood T cells from coeliac patients and
controls after stimulation with a digest of gliadin [20,21]. PPD
markedly up-regulated activation marker expression on peripheral
blood T cells, with similar results obtained for coeliac patients and
control subjects.

T cells secreting distinct patterns of Th1 or Th2 cytokines have
been described in human disorders such as allergies, infection and

autoimmunity [11,22]. In the present study, gliadin stimulated low
levels of IL-2 production by PBMC from coeliac patients as well as
healthy controls. IL-2 is an obligatory signal for cell growth by
interacting with the IL-2R complex on the surface of activated T
cells [23]. This result gives further evidence that PBMC from
coeliac subjects and healthy controls are specifically activated by
gliadin. PPD induced markedly higher levels of IL-2 compared
with gliadin, and this is consistent with the higher levels of
proliferation induced by this antigen.

In contrast to IL-2, IFN-g was found only in gliadin-stimulated
cultures from coeliac patients. Since IFN-g is a classical Th1
cytokine, the findings suggest that gliadin stimulates Th1 as well as
Th0 cells in coeliac patients, but only Th0 cells in controls.
Furthermore, unstimulated PBMC from coeliac patients, in parti-
cular patients with active disease, spontaneously secreted both
IFN-g and IL-2. Sincede novosynthesis of cytokines is an early
consequence of T cell activation, these findings suggest that
peripheral blood T cells in patients with active CoD are already
primedin vivo to secrete Th1 cytokines. It is reported that gliadin-
specific T cells cloned from the peripheral blood and the intestinal
mucosa of coeliac patients secrete high levels of IFN-g in vitro
[13,14]. However, the results of the current study are more
representative of thein vivo situation, since cytokines secreted by
cloned T cells may be influenced by the cloning procedure. Finally,
PBMC from both coeliac patients and controls secreted high levels
of IFN-g in response to PPD, indicative of a Th1 response and in
agreement with the findings of other investigators using PBMC
[24] and PPD-specific T cell clones [25].

Increased expression of IFN-g has previously been reported in
the intestinal lamina propria of patients with active CoD. Breese
et al. [26] reported an increase in the numbers of IFN-g-secreting
cells in the lamina propria of patients with active CoD using an
ELISPOT technique. Furthermore, Nilsenet al. [27] recently
demonstrated increased IFN-g mRNA expression in the active
coeliac mucosa using quantitative reverse transcription-polymer-
ase chain reaction, with levels of expression reduced towards
normal in patients upon treatment with a gluten-free diet.

In coeliac patients without histological evidence of inflamma-
tion, IL-6 levels, secreted spontaneously and in response to gliadin,
were markedly increased compared with control subjects. IL-6 is
produced by T cells following antigenic or mitogenic stimulation
and by monocytes when stimulated with lipopolysaccharide (LPS)
[28]. In the present experiments, the cellular source of IL-6 was not
defined, although the high levels secreted spontaneously are
suggestive of monocytic origin. Several factors may contribute to
the high levels of IL-6 production by PBMC from coeliac patients.
Various inflammatory mediators including IL-1, IL-2, IFN-b and
TNF-a induce IL-6 production by both monocytes and T cells [28].
Of interest, we have demonstrated higher intracellular levels of
TNF-a in peripheral blood T cells and intraepithelial lymphocytes
from coeliac patients compared with controls (O’Keeffeet al., in
preparation). Moreover, aberrant expression of TNF-a may be
genetically determined. A polymorphism in the promoter region of
the TNF-a gene (TNF2), which is associated with high levels of
TNF-a production, was reported to be present at higher frequency
in CoD [29].

PBMC from coeliac patients and control donors spontaneously
secreted high levels of IL-10. This is consistent with data reported
by Stordeuret al. [30] describing that PBMC from healthy controls
produce significant levels of IL-10 when cultured in medium alone.
Gliadin was a potent inducer of IL-10, but levels secreted by
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coeliac patients did not exceed those of healthy controls. In human
peripheral blood, IL-10 is produced by monocytes, B cells and T
cells after stimulation with microbial products such as LPS [31] as
well as anti-CD3, anti-CD28 or phorbol esters [32]. The cell
sources secreting IL-10 in response to gliadin were not defined
in this study. Amongst the biological properties of IL-10 is the
ability of this cytokine to antagonize the effects of IFN-g secreted
by Th1 cells [33,34]. Moreover, secretion of IL-10 in addition to
IL-4 and transforming growth factor-beta (TGF-b) by T cells is
believed to contribute to the mechanisms of tolerance to orally
ingested antigen [35]. It is interesting to speculate that the high
levels of IL-10 secreted by gliadin-stimulated T cells from healthy
controls contribute to maintenance of tolerance to this dietary
antigen. In contrast to gliadin, PPD failed to stimulate IL-10
production, consistent with the predominant Th1 cytokine profile
induced by this bacterial product.

The proliferative response and cytokine production of T cells
may be influenced by the preparation of gliadin used in the culture
system. Whereas in the studies presented here, whole gliadin was
employed, in other studies peptic-tryptic digests of gliadin were
used [7,13,14]. Recent studies draw attention to the enhanced
reactivity of T cell clones when gliadin deamidation had been
achieved either with the enzyme tissue transglutaminase [36] or
acid:heat treatment [37]. In the studies reported here, gliadin was
dissolved in 0·1M acetic acid pH 3·4. Whether this caused gliadin
deamidation or not is unknown. However, it evident that proteo-
lytic digestion by antigen-presenting cells was sufficient to gen-
erate antigenic epitopes recognized by circulating peripheral blood
T cells.

In conclusion, the studies presented here have shown that
gliadin can activate peripheral blood T cells as measured by
proliferation, expression of activation markers and cytokine secre-
tion. Gliadin-induced activation was found not only in coeliac
patients but also in healthy controls. However, the results indicate
that the profile of cytokines secreted by PBMC in response to
gliadin differs in coeliac patients and controls. High levels of IFN-
g were secreted by gliadin-stimulated PBMC from coeliac patients
but not controls. Determination of the gliadin-induced cytokine
profile may be important in developing an understanding of the
nature of immune responses in coeliac disease.
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